Paludicola psychrotolerans gen. nov., sp. nov., a novel psychrotolerant chitinolytic anaerobe of the family Ruminococcaceae Abstract A psychrotolerant chitinolytic bacterium, designated NC1253 T , was isolated from Zoige wetland on the Qinghai-Tibetan Plateau. This strain was a Gram-stain-positive, spore-forming and rod-shaped anaerobe. NC1253 T grew at 4-35 C, at pH 6.0-8.5 and could grow on chitin as the only carbon resource. Phylogenetic analysis, based on the 16S rRNA gene sequence, showed that strain NC1253 T represented a novel bacterial genus within the family Ruminococcaceae. Strain NC1253 T has less than 91.0 % similarity with other type strains, such as Harryflintia acetispora V20-281a T (90.9 %), Clostridium methylpentosum DSM 5476 T (90.8 %), Anaerotruncus colihominis DSM 17241 T (89.8 %), Eubacterium siraeum DSM 15702 T (89.6 %), and Acetanaerobacterium elongatum Z7 T (89.6 %). The major components of the cellular fatty acids were iso-C 14 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 . The genomic DNA G+C content was 35.4 mol%. Phenotypic, chemotaxonomic and phylogenetic characteristics allowed strain NC1253 T to be clearly distinguished from genera in the family Ruminococcaceae. On the basis of polyphasic taxonomic data, the isolate is considered to represent a novel genus and novel species in the family Ruminococcaceae, for which the name Paludicola psychrotolerans gen. nov., sp. nov., is proposed. The type species is
Chitin is the second most abundant natural biopolymer in the world, surpassed only by cellulose [1] . Studies suggested that microbial degradation of chitin should be one of the important processes of nitrogen cycling in wetland soils [2, 3] . Zoige wetland (33 56¢ N, 102 52¢ E, 3430 m.a.s.l.) located at the eastern edge of the Tibetan Plateau in southwestern China, is subjected to extremes of cold and solar irradiation. This paper describes the isolation and characterization of a psychrotolerant chitinolytic strain NC1253 T isolated from Zoige wetland. According to the results obtained, it is proposed that the strain represents a novel species of a new genus within the family Ruminococcaceae [4] For isolation, the soil sample collected at Zoige Wetland was adjusted to 90 % (w/w) water content with sterilized water in laboratory. Soil slurry was dispensed into a 100 ml serum bottle and mixed with 0.8 % chitin (crab cell) flakes (w/v, Sangon Biotech). For anaerobic incubation, the bottle was flashed with N 2 gas, sealed with butyl rubber stoppers and aluminum crimp seals, and incubated for 3 months at 25 C. Afterwards, 500 µl slurry was taken out of the bottle, serially diluted and inoculated into anaerobic roll tubes using MS agar medium [5] supplemented with 0.5 % colloidal chitin as sole carbon resource. The colonies with a clear zone of chitin degradation were selected, and then maintained in MS medium with colloidal chitin. Colloidal chitin was prepared by the method of Chia-Rui Shen et al. [6] , with a few modifications: 5 g chitin flakes were cut into small pieces, and then dissolved in 100 ml of~12M concentrated HCl with stirring overnight. Chitin-HCL mixture was added into pre-cold water slowly, and then gelatinous white material (colloidal chitin) was formed. Colloidal chitin was collected by centrifuge and washed repeatedly in pre-cold water until it had a pH of 6-6.5.
In morphology, the colonies of strain NC1253 T were white on agar medium and stained Gram-positive, formed spores and showed rod-shaped cells under Leica microscope DM 2500 and Hitachi Transmission Electron Microscope HT7700 ( Fig. S1 , available with the online Supplementary Material). Strain NC1253 T was transparent and showed no turbidity in liquid MS medium with colloidal chitin, and the growth of the strain can only be detected from the (eyeobserved) disappearing of colloid chitin. It normally took 7 days for the strain to use up 0.5 % (w/v) colloid chitin when incubated at 25 C, and then the medium turned clear. Products detected after complete degradation of colloid chitin included H 2 in the gas phase, and acetate, lactate, ethanol and formate (in order of abundance) in the liquid phase. The growth of strain NC1253 T was also tested in MS (agar) medium (pH 7.0-7.2) supplemented with 0.5 (w/v) glucose, N-acetylglucosamine, isomaltulose, D-mannose, L-rhamnose, D-fucose, cellobiose, D-galacturonic acid, pyruvic acid, D-glucosamine hydrochloride, L-fucose, maltodextrin (dextrose equivalent between 3 and 20) and acid hydrolyzed casein. However, no obvious turbidities or colonies were detected after more than one-month incubation. All the tests below were carried out in the MS medium supplemented with colloidal chitin.
The genomic DNA of strain NC1253 T was extracted using the TIANamp Bacteria DNA kit [(TIANGEN Biotech). PCR amplification (BioRad S1000 Thermal Cycler) of the 16S rRNA gene was carried out using the universal primer pair 27 F-1492R [7] . PCR products were cloned into pEASY-T1 Cloning Vector (TRAN Biotech), and sequenced in both directions using vector-specific sequencing primers, which was done by GENEWIZ. The 16S rRNA gene sequence of strain NC1253 T was compared with sequences available from GenBank using the BLAST program (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and EzBioCloud's database [8] to determine the approximate phylogenetic affiliation. The 16S rRNA gene sequences of strain NC1253 T and closely related strains were aligned using EzEditor2 [9] . Phylogenetic trees based on partial deletion were reconstructed with maximum-likelihood [10] method, which were implemented in the MEGA 7 program [11] . The topology of phylogenetic trees were evaluated via bootstrap analysis [12] , based on 1000 replications.
Almost complete 16S rRNA gene sequence of strain NC1253 T had a length of 1490 bp. The sequence had less than 91.0 % similarity with the type strains within the family Ruminococcaceae ( Table 1 ). The phylogenetic trees reconstructed with the maximum-likelihood method showed that strain NC1253 T was more closely related to Eubacterium siraeum DSM 15702 T , but still exhibited large sequence divergence (>9 %) with it and other type strains within the family Ruminococcaceae, such as Harryflintia acetispora V20-281a T , Clostridium methylpentosum DSM 5476 T , Anaerotruncus colihominis DSM 17241 T , and Acetanaerobacterium elongatum Z7 T (Fig. 1 ). All these genotypic analyses indicate that strain NC1253 T belongs to novel genus in the family Ruminococcaceae.
The DNA G+C content of strain NC1253 T was determined using the reversed-phase HPLC method described by Mesbah and Premachandran [13] and a value of 35.4 mol% obtained, which was much lower than that reported for its closely related type species (Table 1 ). In addition, the genomic statistic from (http://www.ezbiocloud.net/taxon?tn= Ruminococcaceae) shows that the average of DNA G+C content of 119 genomes within the family Ruminococcaceae is 49.4 %, while that of strain NC1253 T is close to minimum value of 35.5 % in this family.
The fatty acid profile of strain NC1253 T was determined according to the standard protocol of the Sherlock Microbial Identification System [14] . Extraction of fatty acid methyl esters and separation by GC (model 6850; Agilent) were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the TSBA40 database. The 20 components in fatty acid profile of strain NC1253 T were C 9 : 0 , C 8 : 0 3-OH, C 10 : 0 2-OH, C 11 : 0 3-OH, iso-C 14 : 0 , C 14 : 1 !5c, C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 , iso-C 17 : 1 !10c, iso-C 17 : 1 !5c, anteiso-C 17 : 0 , C 18 : 1 !9c, C 18 : 0 , iso-C 17 : 0 3-OH, C 17 : 0 3-OH, summed feature 2 (comprising C 12 : 0 ALDE, iso-C 16 : 1 I/ C 14 : 0 3-OH) and summed feature 5 (comprising C 18 : 0 ante/ C 18 : 2 !6,9c). Four of them, iso-C 14 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 , were more than 10 % in strain NC1253 T . Currently, only fatty acid profiles of H. acetispora V20-281a T and A. elongatum Z7 T were available among type strains that strain NC1253 T is closely related to. In major fatty acids, strain NC1253 T is different from H. acetispora V20-281a T (iso-C 15 : 0 and anteiso-C 15 : 0 ) and A. elongatum Z7 T (iso-C 14 : 0 and iso-C 15 : 0 ) as well.
The following phenotypic characteristics of strain NC1253 T were tested: growth at 4, 10, 15, 25, 30, 35 and 40 C and at pH 5.5-9.0 (at 0.5 pH unit intervals). The pH of the medium was adjusted using sodium hydroxide and hydrochloric acid and was confirmed after autoclave. Tolerance to salinity was tested by supplementing the media with 0.5-3.0 % (w/v) NaCl at 0.5 % intervals. All results were recorded after 30 days of incubation. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % (w/v) tetramethyl phenylenediamine. Strain NC1253 T could grow below 40 C (optimum 25-30 C), in the pH range of 6.0 to 8.5 (optimum 7.5-8.0), and under 2 % (w/v) NaCl. Both results of catalase and oxidase activity were negative for the strain NC1253 T . Some of these physiological characteristics of strain NC1253 T and its closely related type species are summarized in Table 1 . Strain NC1253 T had many different phenotypic characteristics that differed from other species. Specifically, strain NC1253 T is the only organism of the close relatives that can grow below 20 C (Table 1) , furthermore it could not utilize simple sugars, such as glucose, fructose, and cellobiose, like the others [15] [16] [17] [18] [19] . Strain NC1253 T is typical psychrotroph, which can grow at 0-5 C, but have optimum growth temperature above 15 C.
Overall, based on 16S rRNA gene sequences, strain NC1253 T belongs to the family Ruminococcaceae, but shares low similarities with any type species described to date. In addition, DNA G+C content of strain NC1253 T is much lower than that of its closely related type strains, which could suggest that it is also distinct at the genomic level. Phenotypes, such as spore presence, growth temperature, pH range and substrate utilization, can also differentiate NC1253 T from others. The isolation source could be used to explain the differences of these strains (Table 1) . Therefore, we concludes NC1253 T represents a novel species of a novel genus in the family Ruminococcaceae, for which the name Paludicola psychrotolerans gen. nov., sp. nov., is proposed.
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